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(54) RECEIVER AND RECEIVING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To receive an OFDM 
(orthogonal frequency division nnultipiexing) signal 
even when a guard period of an OFDM signal that is 
sent by a sending end is unknown. 
SOLUTION: I channel data and Q channel data which 
are converted into a base band are delayed by only 
one effective symbol interval by FIFOs 501 and 502, 
and moving average is calculated by moving average 
value arithmetic circuits 505 and 506 in accordance 
with a time that corresponds to a guard period is 
supposed by a control circuit 517 after a complex 
multiplication circuit 504 performs complex 
multiplication or them. A moving average value that is 
acquired is squared by square arithmetic circuits 507 

and 508 and added by an adder circuit 509, and a correlation value is calculated. The 
circuit 517 decides whether the interval of a maximum value of a correlation value that is 
outputted from the circuit 509 matches a supposed interval or not by using memory 510, 
511, 515 and 516 and counters 512 and 513. and when it decides that it does not match, it 
changes a supposed guard period, also changes a time that becomes an object of 
operations of the circuits 505 and 506 and decides whether the maximum value of a 
correlation value matches a supposed interval or not. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trans lation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the receiving set 
and the receiving method based on an OFDM method about a receiving set and the receiving 
method. 
[0002] 

[Description of the Prior Art] As a method of transmitting a digital signal, the modulation technique 
called orthogonal frequency division multiplex method (OFDM:Orthogonal Frequency Division 
Multiplexing) is proposed in recent years. This OFDM method is a method which prepares the 
subcarrier a subcarrier and a large number cross at right angles in a transmission band, assigns data 
to the amplitude and phase of each subcarrier, and carries out digital modulation by PSK (Phase 
Shift Keying) or QAM (Quadrature Amplitude Modulation). Thus, although the band per subcarrier 
1 wave becomes narrow and a modulation rate becomes slow in order to divide a transmission band 
by many subcarriers, since a large number [ the number of subcarriers ], a synthetic transmission 
speed does not change with the conventional modulation technique. 

[0003] By this OFDM method, since many subcarriers are transmitted in parallel and symbol speed 
becomes slow, in the transmission line in which the so-called multi-pass disturbance exists, the time 
length of a relative multi-pass to the time length of a symbol can be shortened, and it can expect that 
it is a powerful method to multi-pass disturbance. 

[0004] The OFDM method attracts [ as opposed to / transmission of the digital signal by the ground 
wave strongly influenced of multi-pass disturbance / especially ] attention from the above features. 
[0005] moreover, it is also one of the reasons the OFDM method has attracted attention that it could 
become possible to realize a discrete Fourier transform (for it to be described as Following FFT (Fast 
Fourier Transform)) and a dispersed inverse Fourier transform (for it to be described as Following 
IFFT (Invert Fast Fourier Transform)) by hardware by progress which is the latest semiconductor 
technology, and the modulation based on an OFDM method could be easily performed using these, 
and it can get over now conversely 

[0006] Drawing 4 is the block diagram showing the example of composition of an OFDM receiver. 
A receiving antenna 101 catches RF signal. The multiplication circuit 102 carries out the 
multiplication of RF signal and the signal which has the predetermined frequency outputted from a 
tuner 103. A band pass filter 104 extracts a desired IF signal from the output of the multiplication 
circuit 102. The A/D-conversion circuit 105 changes into a digital signal the IF signal extracted by 
the band pass filter 1 04. 

[0007] A demultiplexer 106 carries out separation extraction of I channel signal and the Q channel 
signal from the digitized IF signal. A low pass filter 107,108 removes the unnecessary high- 
frequency component included in I channel signal and Q channel signal, respectively, and changes it 
into the signal of a base band (baseband). 

[0008] After the complex multiplication circuit 109 excepts the carrier frequency error which a base- 
band signal has with the signal of the predetermined frequency supplied from the numerical control 
oscillator circuit 1 10, it is supplied to the fast-Fourier-transform circuit 112, The fast-Fourier- 
transform circuit 1 12 carries out frequency decomposition of the OFDM time signal, and generates I 
and Q channel received data. 
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[0009] The correlation value arithmetic unit 1 13 calculates the correlation value of two signals, and 
makes the fast-Fourier-transform circuit 112 start an operation in the timing from which a correlation 
value becomes the maximum by calculating the moving average of guard period width of face by 
carrying out the multiplication of the OFDM time signal changed into the base band, and the OFDM 
signal which delayed only effective symbol time. 

[0010] The carrier frequency error arithmetic circuit 114 computes the error of carrier frequency 
using frequency power, and outputs it to an adder circuit 1 1 1 . An adder circuit 1 1 1 adds the output of 
the carrier frequency error arithmetic circuit 1 14 and the correlation value arithmetic circuit 113, and 
supplies it to the numerical control oscillator circuit 1 1 0, 

[001 1] The clock frequency regenerative circuit 115 generates a control signal with reference to I 
chaimel data and Q channel data, and controls the oscillation frequency of the clock oscillator circuit 
1 16. The clock oscillator circuit 1 16 generates and outputs a clock signal according to the control 
signal supplied from the clock frequency regenerative circuit 115. 
[0012] Next, operation of the above conventional example is explained. 

[0013] The multiplication of the RF signal caught by the receiving antenna 101 is carried out to the 
signal of the predetermined frequency supplied from the tuner' 103 by the multiplication circuit 102. 
The signal outputted from the multiplication circuit 102 will be supplied to a band pass filter 104, 
and an IF signal will be extracted there. 

[0014] The A/D-conversion circuit 105 changes into a digital signal the IF signal outputted from the 
band pass filter 104, and supplies it to a demultiplexer 106. A demultiplexer 106 carries out 
separation extraction of I channel signal and the Q channel signal from the digitized signal, and 
supplies them to a low pass filter 107,108, respectively. A low pass filter 107,108 removes the clinch 
component which is an unnecessary high-frequency component included iii I channel signal and Q 
channel signal, respectively, and changes it into the signal of a base band. 

[0015] With the signal of the predetermined frequency supplied from the numerical control oscillator 
circuit 1 10, the complex multiplication circuit 109 removes the frequency error of a subcarrier which 
a base-band signal has, and supplies it to the fast-Fourier-transform circuit 1 12. The fast-Fourier- 
transform circuit 112 carries out frequency decomposition of the OFDM time signal, and generates I 
and Q channel received data. 

[0016] The correlation value arithmetic unit 113 calculates the correlation value of two signals (it 
mentions later for details), and makes the fast-Fourier-transform circuit 112 start an operation in the 
timing from which a correlation value becomes the maximum by calculating the moving average of 
guard period width of face by carrying out the multiplication of the OFDM time signal changed into 
the base band, and the OFDM signal which delayed only effective symbol time. Consequently, the 
fast-Fourier-transform circuit 1 12 can extract correctly the data contained in I channel signal sent 
from the transmitting side, and Q channel signal. 

[0017] Drawing 5 is the block diagram showing the detailed example of composition of the 
correlation value arithmetic circuit 113 shown in drawing 4 . In this drawing, the effective symbol 
delay circuit 301,302 delays for it and outputs only an effective symbol period for the I channel data 
outputted from the complex multiplication circuit 109, and Q chaimel data, respectively. The 
multiplication circuit 303,304 carries out the multiplication of the I channel data and Q channel data 
by which only effective symbol time was delayed by the effective symbol delay circuit 301,302, and 
the I channel data and Q chaimel data of a basis which have not been delayed, respectively. 
[0018] The guard period width-of-face moving-average circuit 305,306 computes the moving 
average of a guard period (for details, it mentions later). The power arithmetic circuit 307 computes 
each power of the output signal of the guard period width-of-face moving-average circuit 305,306, 
and outputs the value which added the computed electric energy and was acquired. 
[0019] The maximum detector 308 calculates the maximum (maximum of the correlation value 
within OFDM symbol time) of the signal outputted from the power arithmetic circuit 307, and 
controls the timing to which the fast-Fourier-transform circuit 112 starts an operation according to 
the result. 

[0020] Next, operation of the correlation value arithmetic circuit 1 13 is explained, referring to 
drawing 6 . 

[0021] In order to restore to an OFDM signal correctly in a receiving side, various synchronizations, 
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such as subcarrier reproduction, are needed. In order to perform FFT processing per symbol . 
especially in an OFDM method, after aiming at a synchronization to the period and accuracy of a 
symbol, by the receiving side, you have to perform FFT processing. Below, the symbol period 
reproduction method proposed from the former is described in detail. 

[0022] Generally, as shown in drawing 6 , the symbol is constituted from an OFDM method by the 
guard period and the effective symbol period. The guard period is constituted by being copied in 
round behind [ a part of ] an effective symbol. Then, in a receiving side, the correlation value of two 
signals is computed by calculating the moving average of guard period width of face by first carrying 
out the multiplication of the OFDM time signal changed into the base band by the correlation value 
arithmetic circuit 113, and the OFDM signal which delayed only effective symbol time. Here, if an 
OFDM signal calculates the correlation value of the two above-mentioned signals since the same 
signal component as a guard period is contained in a part of effective symbol period as mentioned 
above, on the boundary of a symbol, a correlation value will serve as the maximum. Therefore, it can 
restore to exact data by pinpointing the boundary of a symbol and performing FFT processing on the 
basis of the boundary of the specified symbol by detecting the maximum of the computed correlation 
value. 

[0023] That is, in the circuit of drawing 5 , the I chaimel data and Q channel data which were 
inputted into the correlation value arithmetic circuit 1 13 are supplied to the effective symbol delay 
circuit 301,302, respectively. The effective symbol delay circuit 301,302 is delayed by the effective 
symbol period shown in drawing 6 (A), and outputs the inputted I channel data and Q channel data. 
Consequently, a signal as shown in drawing 6 (B) will be outputted from the effective symbol delay 
circuit 301,302. In addition, this drawing shows only I channel signal, in order to simplify 
explanation, 

[0024] The multiplication circuit 303,304 carries out the multiplication of I channel signal and Q 
channel signal which were delayed by the effective symbol delay circuit 301,302, and original I 
channel signal and original Q channel signal which have not been delayed, and outputs them. 
[0025] The guard period width-of-face moving-average circuit 305,306 computes the moving 
average of I channel signal and Q chaimel signal for the section corresponding to a guard period. As 
a result, for example, a correlation value as shown in drawing 6 (C), it will be outputted. 
[0026] The power arithmetic circuit 307 adds the obtained electric energy, and outputs it to the 
maximum detector 308 while it computes each power of the signal which shows the correlation 
value of I channels and Q channels outputted from the guard period width-of-face moving-average 
circuit 305,306. 

[0027] The maximum detector 308 detects the maximum of the signal which shows electric energy 
outputted from the power arithmetic circuit 307. As shown in drawing 6 (C), since each correlation 
value serves as the maximum in the boundary portion of each symbol, when the maximum detector 
308 controls the fast-Fourier-transform circuit 1 12 and performs an FFT operation in the timing 
which detected maximum, it becomes possible [ performing an operation synchronizing with the 
period and accuracy of a symbol ]. 
[0028] 

[Problem(s) to be Solved by the Invention] By the way, although the specification of the ground 
wave digital transmission method using the OFDM method called DVB-T (Digital Video 
Broadcasting-Terrestrial) in Europe now is examined, it is prescribed by this specification as a guard 
period that four kinds, 1 / 4 hours of an effective symbol period, 8 1/hours, 16 l/hours, and 32 
1 /hours, are usable. 

[0029] In a receiving side, in order to detect using which guard period transmission is made when it 
uses in a transmitting side and a******** guard period is not known (for example, when it changes 
the power supply of a receiving set into the state of ON etc.), it is necessary to decode and acquire 
the information which shows a guard period. 

[0030] However, since it is necessary to receive a signal in order to decode the information which 
shows such a guard period, conflict that a guard period must be known arises. Therefore, unless the 
guard period used now was found, the technical problem that information was unreceivable 
occurred. 

[003 1] this invention is offering the symbol period detector of the OFDM receiver which can 
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reproduce an OFDM symbol period using the guard period information included in an OFDM signal, 
after were made in view of the above situations, presuming a guard period, without decoding the 
OFDM signal mentioned above, reproducing an OFDM symbol signal and decoding an OFDM 
signal further. 
[0032] 

[Means for Solving the Problem] A conversion means by which a receiving set according to claim 1 
changes an OFDM signal into a base-band signal, A delay means by which only an effective symbol 
period is delayed in the base-band signal acquired by the conversion means, A calculation means to 
continue and compute in the predetermined period corresponding to the guard period which has the 
correlation value of the base-band signal acquired by the conversion means, and the signal of the 
base band delayed by the delay means assumed, A detection means to detect the maximum of the 
correlation value computed by the calculation means, and a calculation means to calculate the period 
of the maximum detected by the detection means, A judgment means to judge whether the period of 
the maximum calculated by the calculation means and the assumption OFDM symbol period 
obtained by adding an effective symbol period and the guard period assumed are in agreement, 
When a judgment means judges with the period of maximum and an assumption OFDM symbol 
period not being in agreement, it is characterized by having a change means to change the guard 
period assumed suitably. 

[0033] The conversion step from which the receiving method according to claim 6 changes an 
OFDM signal into a base-band signal. The delay step for which only an effective symbol period is 
delayed in the base-band signal acquired by the conversion step. The calculation step continued and 
computed in the predetermined period corresponding to the guard period which has the correlatioii 
value of the base-band signal acquired by the conversion step, and the signal of the base band 
delayed by the delay step assumed. The detection step which detects the maximum of the correlation 
value computed by the calculation step. The calculation step which calculates the period of the 
maximum detected by the detection step. The judgment step which judges whether the period of the 
maximum calculated by the calculation step and the assumption OFDM symbol period obtained by 
adding an effective symbol period and the guard period assumed are in agreement, When it judges 
with the judgment step of an assumption OFDM symbol period [ the period of maximum and ] not 
corresponding, it is characterized by having the change step which changes the guard period 
assumed suitably. 

[0034] The base-band signal from which the delay means was delayed and only the effective symbol 
period was obtained by the conversion means in the receiving set according to claim 1 in the base- 
band signal which the conversion means changed the OFDM signal into the base-band signal, and 
was acquired by the conversion means. Continue in the predetermined period corresponding to the 
guard period which has a correlation value with the signal of the base band delayed by the delay 
means assumed, and a calculation means computes. The period of the maximum which the 
calculation means calculated the period of the maximum which the detection means detected the 
maximum of the correlation value computed by the calculation means, and was detected by the 
detection means, and was calculated by the calculation means, A judgment means judges whether the 
assumption OFDM symbol period obtained by adding an effective symbol period and the guard 
period assumed is in agreement. When a judgment means judges with the period of maximum and an 
assumption OFDM symbol period not being in agreement, the guard period when a change means is 
assumed is changed suitably. For example, the base-band signal which the conversion means 
changed the received OFDM signal into the base-band signal, and the memory only whose effective 
symbol period is a delay means was delayed in the base-band signal acquired by the conversion 
means, and was acquired by the conversion means. Continue in the predetermined period 
corresponding to the guard period which has a correlation value with the signal of the base band 
delayed by the delay means assumed, and a calcularion means computes. The period of the 
maximum which the calculation means calculated the period of the maximum which the detection 
means detected the maximum of the correlation value computed by the calculation means, and was 
detected by the detection means, and was calculated by the calculation means, A judgment means 
judges whether the assumption OFDM symbol period obtained by adding an effective symbol period 
and the guard period assumed is in agreement. When a judgment means judges with the period of 
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maximum and an assumption OFDM symbol period not being in agreement, the guard period when a 
change means is assumed is changed suitably, and it controls so that these are in agreement. 
[0035] In the receiving method according to claim 6, a conversion step changes an OFDM signal 
into a base-band signal. The base-band signal from which the delay step was delayed and only the 
effective symbol period was obtained by the conversion step in the base-band signal acquired by the 
conversion step, Continue in the predetermined period corresponding to the guard period which has a 
correlation value with the signal of the base band delayed by the delay step assumed, and a 
calculation step computes. The period of the maximum which the calculation step calculated the 
period of the maximum which the detection step detected the maximum of the correlation value 
computed by the calculation step, and was detected by the detection step, and was calculated by the 
calculation step, A judgment step judges whether the assumption OFDM symbol period obtained by 
adding an effective symbol period and the guard period assumed is in agreement. A predetermined 
period is changed when it judges with the judgment step of an assumption OFDM symbol period 
[ the period of maximum and ] not corresponding. For example, a conversion step changes the 
received OFDM signal into a base-band signal. The base-band signal from which the memory which 
is a delay step was delayed and only the effective symbol period was obtained by the conversion step 
in the base-band signal acquired by the conversion step. Continue in the predetermined period 
corresponding to the guard period which has a correlation value with the signal of the base band 
delayed by the delay step assumed, and a calculation step computes. The period of the maximum 
which the calculation step calculated the period of the maximum which the detection step detected 
the maximum of the correlation value computed by the calculation step, and was detected by the 
detection step, and was calculated by the calculation step, A judgment step judges whether the 
. assumption OFDM symbol period obtained by adding an effective symbol period and the guard 
period assumed is in agreement. When it judges with the judgment step of an assumption OFDM 
symbol period [ the period of maximum and ] riot corresponding, the guard period when a change 
step is assumed is changed suitably, and it controls so that these are in agreement. 
[0036] 

[Embodiments of the Invention] Drawing 1 is the block diagram showing the example of 
composition of the gestalt of operation of this invention. In addition, this circuit is constituted as a 
correlation value arithmetic circuit 1 13 of the OFDM receiver shown in drawing 4 . In this drawing, 
the first in first out memory (it is hereafter written as FIFO) 501 ,502 (delay means) is made as 
[ output / delay for them and /, respectively / only 1 effective symbol period / the I channel data and 
Q channel data of an OFDM signal which were changed into the base band by the demultiplexer 106 
(conversion means) ]. The sign inverter circuit 503 is made as [ output / reverse and / the sign of the 
signal outputted from FIFO502 ]. 

[0037] If the complex multiplication circuit 504 expresses the I channel data and Q channel data 
which have not been delayed as I and Q and expresses the I channel data and Q channel data which 
were delayed as I-l and Q-1, respectively The complex operation shown below is performed for 
every clock (synchronizing with the clock signal outputted from the clock oscillator circuit 116 
shown in drawing 4 ), the result of an operation is divided into a real nxmiber component and an 
imaginary nimiber component, and it is made as [ output / to the moving average deviation circuit 
505,506 (calculation means) ], respectively. In addition, j expresses an imaginary number here. 
[0038] 

(I+jQ)(M-jQ.l)...(l) 

[0039] The moving average deviation arithmetic circuit 505,506 is made as [ output / compute and / 
corresponding to the data (it mentions later for details) in which the guard period assumed now it 
suppUed at from a control circuit 517 (a judgment means, a change means, the 2nd detection means, 
the 2nd calculation means, extraction means) is shown / each moving average of I-axis data and Q- 
axis data / for every clock ]. For example, when the data of the guard period width efface assumed 
now supplied from the control circuit 517 are Tgr, the moving average deviation arithmetic circuit 
505,506 continues during the Tgr, and computes and outputs the moving average of I-axis data and 
Q-axis data. 

[0040] The square arithmetic circuit 507,508 (calculation means) is made as [ output / carry out the 
square of the moving average deviation outputted for every clock, respectively, and / it / from the 
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moving average deviation arithmetic circuit 505,506, ]. An adder circuit 509 (calculation means) 
adds and outputs the output of the square arithmetic circuit 507,508. 

[0041] Memory 510,51 1 (detection means) is controlled by the control circuit 517, and is made as 
[ store / the maximvmi in the predetermined period of the moving average deviation outputted from 
an adder circuit 509 ]. A counter 5 12,5 13 (calculation means) is reset by the control circuit 517, and 
after reset is made as [ count / synchronizing with the clock signal outputted from the clock 
generation circuit 116]. 

[0042] Memory 515,516 is made as [ store / temporarily / the counted value of a counter 512 or a 
counter 513 ] according to control of a control circuit 517. 

[0043] The control circuit 517 is made as [ control / the writing to memory, the timing of read-out, 
etc. ]. The symbol period counter 518 is operating with the period (Tu+Tgr) adding the effective 
symbol period (it expresses Tu hereafter) and the guard period (it expresses Tgr hereafter) assumed 
now, and when the counted value is set to "0", it outputs the symbol periodic signal 519. Moreover, 
decoding of an OFDM signal is attained, and if the guard period information 520 included in it 
begins to be inputted, the symbol period counter 518 will operate with the period of the information 
henceforth. 

[0044] Next, operation of the gestalt of the above operation is explained with reference to drawing 
2 . 

[0045] Drawing 2 is a flow chart explaining the processing performed in the gestalt of operation 
shown in drawing 1 . If this processing is performed, in Step SI, a control circuit 517 will reset a 
counter 512,513 and memory 510,51 1,515,516. Moreover, the 1st assumption value (minimum) Tgl 
is set up as a guard period (Tgr) assumed now. 

[0046] In addition, below, the longest guard period assumed is described to be Tgmax, and the 
values of a counter 512,513 are described to be CI and C2, respectively. Moreover, the case where 
the value of CI and C2 is in the following ranges is expressed as Range A. 
[0047] 

Tu+Tgr-offset<C 1 , C2<Tu+Tgr+offset ... (2) 

[0048] Furthermore, the case where the value of CI and C2 is in the following ranges is expressed as 

Range B. 

[0049] 

Tu<C 1 , C2<Tu+2, Tgr ... (3) 

[0050] In addition, offset is a predetermined value with which are satisfied of Tgr>offset, for 
example, is set to offset=20. 

[0051] After processing of Step SI is completed, it progresses to Step S2, and a control circuit 517 
detects the maximum in the section of Tu+Tgmax, and makes this the boundary value of a temporary 
symbol. That is, a control circuit 517 performs the following processings as processing of a control 
state 0. 

[0052] A control circuit 517 compares the correlation value outputted from an adder circuit 509 
synchronizing with the clock signal outputted from the clock oscillator circuit 116 with the value 
memorized by memory 510, while a counter 512 counts from 0 to (Tu+Tgmax). Consequently, a 
counter 513 is reset, while updating the value of memory 510 with a correlation value, when it 
judges with the case of being smaller than the correlation value to which the direction of the value 
stored in memory 510 is outputted from an adder circuit 509. The above operation is repeatedly 
performed until the counted value of a counter 512 becomes (Tu+Tgmax), and when the value of CI 
becomes (Tu+Tgmax), it progresses to Step S3. 

[0053] Supposing the OFDM symbol of the n-th and eye ** (n+1) watch as shown in drawing 3 (A) 
was now inputted into the circuit shown in drawing 1 , after initial setting will be performed in Step 
81, it will progress to Step S2 and the boundary of a temporary symbol will be detected. That is, I or 
Q data by which only 1 effective symbol period was delayed by FIFO501,502 comes to be shown in 
drawing 3 (B). And in a portion with the highest correlation, i.e., a transmitting guard period portion, 
if it continues in Period Tgr and the moving average deviation arithmetic circuit 505,506, the square 
arithmetic circuit 507,508, and an adder circuit 509 calculate a correlation value between the delayed 
signal and the original signal, in these two signals, a correlation value will serve as the maximum. 
Therefore, the symbol boundary of the n-th and eye ** (n+1) watch is detectable by continuing 
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during (Tu+Tgmax) and detecting the portion from which a correlation value turns into maximum. 
[0054] At continuing Step S3, a control circuit 517 performs the following operation as a control 
state 1 . That is, while a counter 5 1 3 counts from 0 to (Tu+2 and Tgmax), a control circuit 517 makes 
memory 516 memorize the counted value C2 in the time of observing the correlation value outputted 
from an adder circuit 509 synchronizing with a clock signal, detecting the maximum of the 
correlation value in Range A using memory 510, and maximum being detected, and resets a counter 

512 simultaneously. Furthermore, memory 515 is made to memorize the value of C2 at the time of 
detecting the maximum of the correlation value in Range B using memory 511, and detecting 
maximum. And when the value of C2 becomes (Tu+Tgmax), the content of storage of memory 515 
and memory 516 is compared, when in agreement, it progresses to Step S5, and when not in 
agreement, it progresses to step S4, and deltaT is added to Tgr assumed now, it returns to Step S2, 
and the same processing as the above-mentioned case is repeated. 

[0055] Now, when the guard period (it expresses Tgs hereafter) in a transmitting side is larger than 
the guard period Tgr which the receiving side assumes now (in the case of Tgs>Tgr), the relation 
between Range A and Range B comes to be shown in drawing 3 (C). In this case, at Step S3, since a 
part for the flat part of maximum is not contained in Range A and counted value when the maximum 
of counted value and Range B when the maximum of Range A is detected (when it corresponds to 
the tail of Range A) is detected differs, after being judged with NO and increasing the value of Tgr, 
it will return to Step S2 again. Moreover, since the maximum in Range A and Range B will be in 
agreement when Tgs and Tgr are equal as shown in drawing 3 (D) (when it is Tgs=Tgr), at Step S3, 
it will be judged with YES and will progress to Step S5. Furthermore, as shown in drawing 3 (E), 
since the maximum in Range A and Range B will not be in agreement, in Tgs<Tgr, at Step S3, it will 
be judged with NO. However, in such a case, since it does not generate in actual processing, it is not 
necessary to mind especially on circuitry (when it becomes Tgs=Tgr, in order to progress to the 
following step). 

[0056] At Step S5, a control circuit 517 performs the following operation as a control state 2. That is, 
while a counter 512 counts from 0 to (Tu+2 and Tgr), a control circuit 517 compares with the value 
of memory 5 10 the correlation value outputted from an adder circuit 509 synchronizing with a clock 
signal, and detects the maximum of the correlation value in Range A. And memory 516 is made to 
memorize the value of CI in the time of detecting maximum, and a counter 513 is reset 
simultaneously. Furthermore, memory 5 1 5 is made to memorize CI in the time of detecting the 
maximum of the correlation value in Range B using memory 511, and detecting maximum. When 
CI is set to (Tu+2 and Tgr), the content of storage of memory 515 and memory 516 is compared, 
when in agreement, it shifts to Step S6, and when not in agreement, it progresses to step S4, and the 
value of deltaT is added to Tgr assumed now, it returns to Step S2, and the same processing as the 
above-mentioned case is repeated. 

[0057] Since the phase of the maximum in Range A and Range B becomes equal now as shown in 
drawing 3 (D) when the guard period Tgr which the receiving side assumes is in a state equal to Tgs, 
in Step S5, it will be judged with YES, and will progress to Step S6. 

[0058] At Step S6, a control circuit 517 performs the following operation as a control state 3. That is, 
a control circuit 517 makes memory 516 memorize C2 in the time of observing the correlation value 
outputted from an adder circuit 509 synchronizing with a clock signal, detecting the maximum of the 
correlation value in Range A using memory 510, and detecting maximum, while a counter 513 
counts from 0 to (Tu+2 and Tgr). And when C2 is set to (Tu+2 and Tgr), Tgr is substituted for a 
counter 513 as initial value, the number symbol section is covered in the above operation, and 
repeatedly, when the average of C2 at the time of detecting maximum is calculated and the counted 
value of a counter 513 becomes equal to this average, a counter 512 and the symbol period counter 
5 1 8 are reset, and it shifts to Step S7. 

[0059] Supposing it was in the state shown in drawing 3 (D), when the average from which the 
average of the counted value C2 of the counter 513 in the time of maximum being detected in Range 
A continued during the number symbol, was calculated, and was acquired, and the value of a counter 

5 1 3 are in agreement now, it will progress to Step S7. 

[0060] At Step S7, a control circuit 517 performs the following operation as a control state 4. That is, 
the symbol period counter 5 1 8 is operating periodically (Tu+Tgr), and when the counted value of the 
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symbol period counter 518 is set to 0, it outputs the symbol periodic signal 519. Moreover, if the 
guard period information 520 which decoding of an OFDM signal is attained and is included in it 
begins to be inputted into a control circuit 517, the symbol period counter 518 will operate with the 
period of the inputted information henceforth. That is, it will shift to operating state (normal 
operating state) in case the guard period is decided. 

[0061] By the above operation, a control circuit 517 performs comparison with the period of the 
maximum of the detected correlation value, and an ajssumption OFDM symbol period (Tu+Tgr), 
presumes the exact guard period Tgr, and reproduces an OFDM symbol signal. 
[0062] When the guard period in a transmitting side is not known in a receiving side according to the 
gestalt of the above operation, a guard period is presumed, and an OFDM signal can be reproduced 
by the presumed guard period, and once, if reproduction of an OFDM signal is started, the 
information which shows the guard period contained in the OFDM signal can be extracted, and it can 
reproduce correctly based on the acquired information. 
[0063] 

[Effect of the Invention] In a receiving set according to claim 1 and the receivmg method accordmg 
to claim 6 An OFDM signal is changed into a base-band signal, and only an effective symbol period 
is delayed in the acquired base-band signal. A base-band signal. The period of the maximum which 
computed the correlation value with the signal of the delayed base band by having continued in the 
predetermined period corresponding to the guard period assumed, detected the maximum of the 
computed correlation value, calculated the period of the detected maximum, and was calculated. 
Whether the assumption OFDM symbol period obtained by adding an effective symbol period and 
the guard period assumed is in agreement probably It can reproduce without a receiving side 
knowing the OFDM symbol period transmitted beforehand, since the guard period assumed was 
suitably changed when it judged with the period of maximum and an assumption O.FDM symbol 
period not being in agreement. 



[Translation done.] 
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iffieo F D Mm^i:m^^iE^i>z^^-ri>^m^m. 
^^tihTS- mmi>ziiim-tm^<^mmizm.-oxs.iii lo 

tm-t ^zt\,zxm%hixhm'&oFDUi^ v-.-h/hhkb 
mtm^msd)'^. mum.±m.<r>mmtmtm^oF DM 20 

[ if ^JI 2 ] Mia^tti#ia«i: , Hu!50 F D Mft-^^S 

. Hu f e#^<io/iiMh Mifiisso F D M i^y:ir^)vmm 

^. 40 

mlim 2 c7)S[tti¥l5tc J; D »ai $ ixfz'^i^mzmrSy. ^ 
T, 1ulEOFDMfi-f-^Sft-r-&^fcS:!»^fc-ri.f«^ 

Ci»*lI5 3 miieOFDMfi^tC-^iiXTC^^^-K 

luieo F D um^<m^ifimi)^^tLtzmt . ifri tu^ 
[fi^iie ] o FDM«-^a:^d-r«.^fi:^&t::t3*'^ 

.50 
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BUfSO F D Mfi-f-2rSl£^«m-^tC^«-r-&^^X7^ •/ 
i±if ^1^.ttl^x-yrt. 

Bfne«?ai^r-yr{rj: *)^\^^fifzm±m.<r>mm^%'& 
mmmm.-th c: i: i 0 » loii -sis^o f d m >-,if 

D M V ^4<7PJfl«8i: A^-iS: L=5:v ^ i: ^ij^ L/cif-^tcii, 
[000 1] 

xtf'^m-nmi.zmth. 

[0002] 

T, lt3£i?l&Sif^f'J^fi:^xt (OFDM : Orthogonal F 
requency Division Multiplexing) b^-kifl^^M'^^ 

mm/im tC r - 2- M 0 S -C, P S K ( Phase Shi ft 
Keying) -^QAM (Quadrature Amplitude Modulatio 

<m.ti^^Wih h (r)Xis^^<r>Bms.mm^<o^m-n^ t 

[0003] ^COOF DM:^T-(i:^icOSiJM51ift//M 
¥\ ^zBM ^ix6fzisbt,zi^y ;jtVPJ$JK*^jl coX . ^ > 

mm^izni-hm>^m^^)\-^^-<^(r)^m^im< -ri. 

t A-'T'i' , '^fi-^^-^s^.tmizM Lxm\'^:tf^x$>hz 

t^m^x^h. 

[0004] m±i7):^^m*»^> O F D Mfj^ii. -7)V 

imcoum tcM L T tea g § ixT I ^ I. . 
[0005] trzmi&co^mi^mii^mmzx 'omm'^ 

y-V^^t^ (liilTFFT (Fast Fourier Transform) 

t imi-^ ) ^Mffiie^j 7 - u xi^^ji ( I F F T 



3 

(Invert Fast Fourier Transform) btSi^h) Sr^N 
- K ^ X T-Cmmt h^t t'SrO. ^ixi^'km^^ 

[0 0 0 6] ll4(±OFDM^mtii0^fi!cl?"J2:^-r7'D 
•r-g>. ^^HIS&l 0 2{i, RFft-^is^i-rM 0 3*» 

{i. >'s;>-hvs-;?.7-f;i^^'l O4t;J:0ttai$iX5'cl Fft 

[0007] r"77l^-?-7'U-:?-tM 0 6{i, -f'-f i^i^Mt 
^itti I Ffi-^*»4> I ^^>-:T>7Wi^i: Q^-ry^-fUm 
^ti:-^mitltii-tl. ■o-^'^^y -(fl^^ I 07 , 108 
ti. ^ix^'ix. I 'f-^y^-JUim-tQ'f-^y^-Ms-^^l^z 

[00 08] mmmnm^i 09{±, ijcffl3>ha-;u 

S3S7-'Jx^0S8i 1 2i,zm^-t^>. mmy- 

[0009] fflM»m^a 1 1 Bfi. 

$ nfc o F D M i^Pa^fi-^- i: >- > d-om^Pai^o (tas $ 

-t*-/c O F D M 1 L T tI^ - F MPalUBCOff KjT*^ 

IlIS^l 1 2\.zM%^m^^^h. 

[0010] mmkmmm%mm.m^ 1 1 4<i, j^vs 
s&i 1 H:aj:»3-r-i.. tmm^i i it±, ssiiisia^is 

mHvHailHlE^l 1 4^fflMfi?limiHlS&l 1 3ioai:>lS:JD 
a:L.TiSt^i:3^Fo-;U^li[l]lfgl 1 OC-ftj^-TI., 
[00 1 1 ] .^'ovf igiSmS^HISSl 1 5{±, I^-v 

^^iSL. ^O'y^^iilHlSIl 1 6(r)%mm\'^$k^Um 
•r-g), i?o-x^^}S[H]S§l 1 6{i:. 7rt y7m'&WM± 

[ 0 0 1 2 ] J^Itc, tUii^fi!*0!lOtM^tCOV^TiJgBJ-r 

[0013] mtryn'^ 1 0 1 ici ^Wifi^titzRF 

m^ii. ^^[IISSl0 2tcJ:0, ^jL-:MO3J;0« 
0 2 J; 0 tB.ti ^iXT'vifi-vti, '^y F^n'X 7 ^ yu^- 1 0 4 



3) #^¥10-3 087 16 

4 

[00 14] A/D^^fiUJS^l 0 5{i, >'N'yF/W.7-f 

L . -f ^/u^ru- ^'-y- 1 0 6 i,zm^-ti> . "t-^jU^ 

^t-^l-fi-^ i: Q ^ > ^^/L-fi-f - i: $r ^^Si**m L T o - v 
X7>f./U^107. 108 (C-?-ix-€-'n«?^-r ^ . o-yN- 
1 07. 1 0 Sti, -efl-rtl, If-A-^-^wU 
m^tQ^^y ^-/l^mz^iixx V ^ I, T^Wj:»mfi!i^ 
Thhifr 0 jI Lfi!t:Ji-2:l^* LXmSMm(7)m^l>z^m^ 
10 •!>. 

[00 1 5] IS^mmSSl 0 9{±. i[ffir/^Fo-yl^ 

^mmS%l 1 0 J:D{M^^ix:^m^cr>m'^&Wcom-^izX 

itiS^-yx^jgHIS^l 1 2tce^^^^, iSa:7-Ux 
^i^mSg 1 1 2 (iO F D MBtf^fi-f-Sr J§^^t5^8? L , I 

[0016] mmis.mnmmi isa. m!&^mi-z^m 

'im-th ) . nmm.i}^Mzkt,zti:hs-i ^yy<,zi5v^x■m 
ii7-ux^[His&i 1 2f.zmn^m^^'th. 

^^^-'Jx^f^ESgl 1 2<i. MfiffJJA-'^jl'ijix 
T ^/:: I y^-)vm^t Q^a- v^^Mf-^lc-^itLt 

( 0 0 1 7 ] I25ii, 114 t=S^-rfflMffi?1l»:iIISS 1 1 3 

T, W^^Jv-^'-KVl^B^raSIElHlSSB 0 1, 3 0 2{i, 
*»IIIS&1 0 9*^^>tB:b§i'i.7t: I ^-v^^-yux-^^, 
30 Q^^ y:^-)V^-9^ ^ix^tc^W^y^^ivWKSitmm 

^LTffi^)^^, *»:|IIS^303, 3 0 4{i, WSi^-v. 
if.jVMmMns 0 1, 3 0 2(cj; 0*5ESi^>'i^VWB#PBl/ri 

(taJi^ttT'c I 'f-^y^->v'f—^'n^x/Q,^^y^>)i''f 

[ 0 0 1 8 ] FSBraili#K)¥i%lfilSg3 0 5. 306 

■th . 3 0 7 {i. mmm^m^i^m 

g§30 5, 3 0&cr)lii:hm^cr>^ti^-iX(7)mtlt:M-tii 

[0019] »:^«I1^ttlIlIS§3 0 S{4, m:bm»[llS&3 
0 7i)^(:>ti!,:h^tlhm^comJ^m. (OFDMv VTltVUB^ 

tXmMy-VJ:.^mmm 1 2AJ?||^arM4&-r.i.^^ 

[0020] mz. 116 '3r#B3L=SrA>%. 

s§ 1 1 3 (Dmmz^K ^xim-th , 

[002 1 ] Sfifi|tCi3C^-COF DMfi-f-^IEL<tXllil 

50 o F b M:^ie^cfcv^T^±v->''-i^;^m^uT'F f t^pms-m 
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2:121-0 7^c±T\ FFma$rfi'*>^ttix{i'=^c'b=SrV->. IJi 

^col/^•ci¥L<a!^'l.. 

C 0 0 2 2 ] — jKWtco F D M:^:^-C'{i - H 6 (c^-t J; 

«7)^'?)<:7)-fi57&ii«(ioie*,ic::^3§:$n-&^i:tcj; ntn^^ti 

1 3 tC J; 0 »jE#Jl!cC^m$ ^tTt: O F D MB^rBlfi-^ 10 
^i>->'*:;K^^/i{t3i®$-«i:^cOFDM^i-f-t 2r*»L 
-C ^y- K XBrBl1®iO?^i!)¥i^ r lt»:^ ^ZtizX^. 2o 

F D MiE^ii^^i^y^^fi^VMrs^o—Miz:^'- vmm t m 

-^0^t#fig;^**^*^TV^^^7)•C^ Bfia6<7)2-OOft^«0 
•israii t . yTtyii-com^Azts i ^TffiMffi*^* 

i^Tr^mmtLXFFTmm^nozbizjzo. je?!^ 

X- ^ t:mm-t h^t i)^X' ^h. 20 
[00 23] m-h. [l5<7)0SgtCtjV^-C{i:. 
IH1S§1 1 3(cA^]Six?t: I ^-v^^-yUx— :5'i:Q^-r>' 

0 1.3 02t,z^^^tih. ^w^yiY^iv^mm&mi^ 

30 1, 3 0 2«, A?]$i't7^cIf-^>-^-^l^7-'-:5'i:Q 
^^y rJ' $• , 06 { A ) tc^-rW^-> ^-d-OL-^ 
rBWittSSLrtti::':-^!). i<^^^. [16 (B) 
•r J: ^ *^v->'--tt"/l^B#PBiajg[HlS&3 0 1,3 

^R^^v^Vcthtzib^iZ, l^A'>-:t-;i-ft^7'ift€r*LT 30 

[00 24] ^W[11S&3 03.3 0 4{±- Wi^Jv-^'-t^VU 
B^PHlgS[llK3 0 1 . ^0 2i.zX'Omm^tltzl^^ry 
^'.)Vm^iii.X/Q^^ry^-^V'm^t , iSl^itTV^^I,'* 

[ 0 0 2 5 ] ¥mmm%m^i-m^ 305. 3 0 6 
{4. Ymm^znm-t^msi^nMLt lt , i ^-v y 

So ^^tS^, ^Ji.«f, 116 (C) C^-fcko^ffiMtt 40 

[0026] 3 0 7 ti. vm^m^m 

W-i^mS^S 0 5,30 6t^C:>tiif)^ntl I ^^y^-Jl-ti 

iiiri>bti:>i>z. n^^tifzm^m^iimLx , mi^im 

[00 27] mi^mminm^so s{j, «:^]?iis:0S#3 

■ri. me (c) tcs^-rj:o{=. #ffira<it4, ^i^y^ 
;i-<7)m^^'ifTmi^ t^^<r>x\ «y^iii<^tBiiiss 3 0 s 50 
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^JiESSl 1 2$r$^JfflILTFFT^i^$^^^T$^^•i.^t 
[0028] 

•y/N'dtJV^TDVB-T (Digital Video Broadcasting 

-Terrestrial ) tmftLhOFDMyT^im^^fzt^±i& 

'J s Mim^^cnm^ii^m^ ^tixhip. z <r>mmx- 
YWiWit LT , ^i^yjn/i^mmcr) 1 X4mri\. 
i/8B#^, 1/16^^, tiXx/. lysimmcoA 
mm^'^mm'^mx'h ^zt :/3m^ ^nx^^^. 

[0029 ] gfHIiJ(ct5l >T. mtl£. MfHiJlcjyi >T 

m^^<r>wmifion<r>m^{,z^fifz-^^j:ii) \,zm^ 

S>a<50-C% a- y^^Wmxtp^'^fyXitihti^^bv^'j 
if^ij^htf^m."^ . >^m.-k^m-thZ):.ifX'%t£V^h\^ 

[003 1 ] -^wm. w±<^x a ^j:^mzm^x^j:^ 

tlfziyCDX'h'O . ±^LtzOFDMm^-t:7-'^-]^^h 
Zt^xK:^'- KfiJPal^ tt^ LT O F D M ->y:nil-m-^i: 
W^L. $ 4> tC O F D Md-f-^^-r 3 - F $ tt/cf^JlO F 
D Mm-^I^Z-tttl^:^'- FmWfS^fflV ^T O F D M 
>'.-K;i'il«£7)lf ^*<tT t^OFD M^mmfT) i^yiiHum 

mmmmm ^mm^^ ztxh^. 

[0032] 

immimm-i>fzif>(r>^m m^m i ti£«c?)Sfi^ 

tzm^^mmmi . mm^mzx ^mm^ixtzm^m 
n^^ixfzimm.<^m.-xm:m!^-thmi^m^h . 

t J: ^%hh.hmm.O F D Mv>';fC;UJlKSi: A^"— gc-ri. 

RBi:iS^OFDMi/>' ;J<VWilfiJ if-W. L^ ^ i: f iJ5t L 
fc^l-^tcii , $ ^' - K SAPbI St SSl^Mi- h ^JE 
^Si: ^fix -I. i: ^ !triS t ^1. . 

[0033] ii^6 (ciei!j<o^fi:^j£(±. o f d mh 
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•y r t J: 0 ^# /^ixfcSE^i^isgfi-f-^^ ^ v-l-OUBPalfi 

^mc^m^ t <7iit^mmt:njs. $ tit a- Yn^\iz.n^'t 
D M y^^)vmm t :f}^t^^m^-ttm^^ 

[0034] iSsRiI 1 {clBW<7)^^l^atc^5^^-C{i:, o 

F D Mm^imj&^mMmz^imm^^m l , ^}^^ 
mm i $ a ^ f mm izni^-t h rmcriwm tc s 

py&L. m.±m(^mmtm'^oFDmi^y 

L, ^rn^x^zx ^'ikt-^ixtzmm^^Wim^^^iyyTi'^ 
)vmmfsrMm^f9i.x'h t:^^') if Mm l . m^^mz 
x^%(>tifzmm^mm-^-t. mm^mzx'omm^ix 

nm-ttpm^TympmzM'^xw.tiim&iimiii t . »th^ 
mzx <oMii!,$tirzmmimWi.i^m^miii^mmtii 

mtii^mzx*)tP.iii^tLrzm^m<7)mm^m.m^^ 
A^-^SL, M-m^f5:^zx'on^^ixrzm±m(^mmt. 
^^i^yTr^jummaxi/m^^ixi-^'- vmmtrum-r 

^■ItizJ: Ot#<^ni.^g^OFDMi^>'d^;Ui^«Bi:**— 

[00351 m^m6izmi<7)^ii:fj&i>zti\,^xii. o 

F D M ft-^^SiS=i^J^fi-f-(C^mxf - •:/ rti^^m L , ^ 
y--yy'l,ZXK)%(:> tlfzm&^mt^ ^^^i-y^iiU 

mrsfsrMm^.y' y r*^®® l , ^m^^. -r Tiz 
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m-tm^cr>mmi>zm'^xnw,^7- -y r^^'^ttj t . ma 

XT- -y rt= J; 0 mai $ ix/::ffl l^tB^^ y 

ajS:m^x7^-/r*m^L. n^x^-yy^zx nM-m^ 

:S>:^-\^mfSit:1]m-rt^tlzX Oft'oiX-SiS.^OFD 
M y ;f:;l^i§«8 i: ti^-^-t h ii^t^ ^ ^'J^^ x -y 7°*^"¥'J 

5gL, «^xx-yr*^ mi^m.<r>mmtm.i^oFDu=^ 

M^^^s^-s.. mui. ^m^ixfzoFDum^^m 

m^^mm^'-z^mxT- yVif^i^L. ^mx^-yyi^zx 
m%hfifzm^mmm^^^w^y^^>mmf3rsmx 

7^-y7-T-?)'?.J^^'J*^'ii®L. ^i^X'r-yy'f.ZX 

n^cttJK^j^-^i: . mmxy- -y yi,zx y)mm^ixrzm 

■t h F/f ^coPJPollcM o T glttlX X -y r Timaj L . »til>'. 
•f y y\.zX 0S:tii$ixj">:fflMfflco©:^c<i?:«ltti-7vf- y r 
jb^^^itS L , «iaiX7^ y r i 0 «l it} $ ti-Ttig^ffiOig^ 

20 ^ 7^ -y 7 L , 7" -y r (C J; 0 $ iX 

a- Ymv^^nn-th >r i: i o '^htihm.'m.o f d m 

L, ^'J^XT^ yr*^. ^zkmcommtm^oFDMi^y 
TT^ii^mm t *^-ic L^\.^tnmLfzt§:^^zii, 
-yy-ifm&^fihij- h'wrai^3ii:^L, ^ixhifi- 
^■thXohzmm-h, 

[0036] 

30 Bgms^-ryo y:^ia-t'fc«.. ^rts. zcT^mmi. m4 

i,z^.-ro FDM^m'^iDmmmmn.mm iist Lxm, 

XhT-^h^^r-J (WT, F I FOfcB&fe-^l>) 5 0 
1. 502 (51?1¥S) {i, -rv;U^7Vi?-ri 0 6 

( ) J: 0 ^ixtzOFDMiE^- 

1 ^i^y ;}?;UMPBlfi(tS® LT ai:^3-r J: o iz^^ti 

TV^-I>. i^#KIe[hIS§5 0 3{i:-. F I FO 5 0 2*^4.* 

40 

[00 37] 1iS*S:ilI8S50 4{i, 

li-^y^^JUT-l^tQ^^y^^/l-'f-i^z: I , Qt^ 
MM-^tifz i ^-^'y^v^x-^'fcQ^^y:t-;^x- 

1 ^ n -y ^mz m4i,z^-r^ a >y ^mmms^ 1 1 6 

?&»'^tt;:b$il.&^D-y^ft-f-tC|5)fiJLT ) ^tV^, ?|imj^ 
l^<ilIllf-§5 0 5. 50 6 (»:£t5#f5) t:*fLTai:']-t-l> 
50 [0038] 
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( I + j Q) ( I-'- j Q-' ) • • ( 1 ) 

[0039] nm^i^mmm%50 5 . 5 o 6(i. m 

SiTi^Sr 1 ^ o ••/ ^'fttzlLtiJ LTai:>3-r ^ J: diz^^ti 

izii. wm^f-i^mmn-m^s os., 50 en. Tsrco 

[0040] 2m?S»:iElS§5 07, 508 (fftH^S) 

J:3C^$fxrv^-i.o JP»:il]S-l5 0 9 (^itii^fS) (i, 
2^?l»:iHlS&5 0 7, 5 0 8iOaitl2rJn»L-Cai:t|-f 

[00413^^:'J510. 511 (^^tB^S) *J 

'mmi5 i7i,zmm^ix. imm%5o 9^^i^tti:n^rL 

-3CC^$^l-CV^|>, ^'>>':J' 5 1 2. 5 13 (^^^ 
S) $iJffll|IIS&5 1 71CJ: 0 'J-fe-y h^ix, U-fe x h 

[004 23 ^^:'J 5 1 5. 5 1. 6{i. WSPHlSg 5 1 7 * 
Tu+Tgr-offset<Cl 

[ 0 0 4 8 ] MtC. CI, C 2(Dm.t^\i).TC0Wm\iZhh 

[0 04 9] 

Tu<Cl. C2<Tu + 2- Tgr ■ • • (3) 
[00503 ^tJ, offset {i. Tgr>offs 

e t ^ms^-rhm^<7>m.x'h o , mm. offset 

[005 1] XX ■/7°S 1 (O^mifi'^T^h t . Xt^ -y 
rS2tC3tA. $lJtPIllg§5 1 7{i. Tu+TgmaxCO 

m^t-th. iP*>. $wii]s&5 1 nt. mm^o<^^ 

[00 5 2] $iJffll[II8l5 1 7<i, ;&n7:^;5'5 1 2*«0^» 
(Tu+Tgmax) t.X'^'y yh^t hfo^. 9'a-y9 

1 et^h^^^ixh^n-z-^m^iizmMLx 

1 0 fI<7):^*^lD»:[H]S§ 5 O 9 *^<^thJ:t3 

'J5 1 Ocofi^ffiM»cJ:OH^-ri.i;^:tt;, A^v 



1 0 



*C0©IW3/EtT. ij^y^'b 1 2ttz^i^'y>9 3 1 3 

[0043] $IJfPlElSS 5 1 7{4. ;«<^ U'^Og^a^^ 

%%Pt.\!iL<r>9^ ^>y^j:i^^%m-thXo\,z^j:^ixX\^ 

>->-;itvnffij;!7'^>'^5 1 8{±, ^w^y^^ii-wm 

(WT, Tgrt^-T) SrJnmLyt^JfM (Tu+Tg 

r) T'Ujf^fCfcD, 'e<7);<7'>>'h(i*^" "0" t^oTL' 
B$*-c-£/>'^yi-;^KBfl-§-5 1 9&ai:'3-r-i.. t.tz. OF 

m^'(nm 520 j&^A:*! $ ni^a^ t , ^*:;u)?IS9?& 

[ 0 0 4 4 ] /xc, vx±.(Dmm<r)mm(r>mmz-^\^xm 
2i:mmLxim-th, 

[0045] 02{4, 121 1 tS^-rHM^^JB^-tCfci/^TII 

[IIS&5 1 7(4, Tlz'^'^^S 1 2, 5 1 3tJj:t/p<^:U 5 
10. 511. 515, 5 1 62r«J-b-y h-Ti.. 
ig^L^.^LTV^^;^-KKBra (Tgr) fc LT, ^1# 
SCO (S^hiO) iSJgffiTg 1 Sr^^-r^, 

[0046] ^n. aTX'li. mi^^tihm^^'-v 

«BS^Tgmaxi:iea:L, ^•>>'^5 1 2, 5 1 3<7) 

fiiSr-eix^'iic 1 , C2tiea!-r'&. ^^^c, ci, C2 

[004 7 3 



C2<Tu+Tgr + o f f s e t 
• • • (2) 

30 5«m.>yh<i,!;i (Tu +Tgmax) tC'Sr^ it'^O il 
LH^tL, ClcOfi*^ (Tu+Tgmax) iC^ofcBt 
.■ir-cx7"-yTS3tCjltf<, 
[0 0 5 33 V^i, 1113 (A) C^-fJ:^^, ISn#S 
t>it>^S? ( n+1 ) #@OOFDM>'>';t?/l'*«, 0H= 

d<;UOii.^*<1^ai$ti.-|.^i:tc=5r-l.« iP*>. F i F0 5 
0 1, 5 0 2i2j: 0 1 ^^'^y^^immrsTMrn^tiit 
itfzitQ'f-^ims (B) t,z^-rxoi,zy^^. -et 

m-yx , ^m^immnms^s 05, 5 0 6 , 2mm% 

ESS 507. 508i5j: VjD»lHlg& 5 0 9 *>"fflMM^* 

m-h. mm:^-\^mrs3-^izi5\^x^mmi)^m.i^t 

^^.mr>X. (Tu +Tgmax) iOSB^tH-oT, 
Seh^ ( n+l ) #SOi/^.-}<VP%^r^^ffi-r-i.^i: 
[00 54 3^<X7^-yrS3-C'{4, Pm^^5 1 7 



40 



1 1 

tJP[llSS5 1 7{i, A'^y^5 1 3*-'0*^4) (Tu + 2 • 
Tgmax) iT'^-^^h-r-SrsT. ^ D y i^fl-^t^PIiB 
tTjDS[l5]SS5 0 9A»A,tli:t)$ii-i.ffiWffiS:tii!lU. ^ 

^ U 5 1 6 (Cieii^-tt. mmi,z:^ 5 l 2i*J-^-y 

C2c7)fIJ;><tU 5 1 5Cieii$-t^'l.. ^LX. C2<7) 
( T u + T g m a X ) -? :^cB#*-(:';< ^: 'J 5 1 5 
'J 5 1 6<^ieit(*I^^JtlKL, -iS:LTir->^^ 

i D» L . ;^ -r -y r s 2 (CM 0 - MkEo*!-^ t mmcomm 

[00 5 5] , mmimzmfh:^'- fwPbT (OT, 
T g s ^-r ) ^^'^fiffjj^^js^ts^e lxv^^:^- v mwi 

Tgr (Tgs>Tg r(7)*§^) 

«i, «5fflAfcffiHBcoraiS{i, 113 (C) l,Zfjk-tXol,Z 

tj:h. ^cr>m-^, ^mAI,zl,i&:kmc0W-iS.U6^-b<-ttti 

X X -y 7° S 3 Tii N O i: 4^1]^ $ ixT , T g r OM^^'ii JD 

^tifzm. W^:^f--yy°S2i,zm^:it^z^^. ifz. 

113 ( D ) l,Z^-tXol,Z^ Tg s i:Tg r*^^LV^^ 
(Tgs=TgriOJ*-^) ICii:. EfflA h^HBCiSft 
^ ft^^HfS— Sc-r i. ^ i: ^ COT' . X T- -y 7- S 3 -r- 
{± , Y E S i: $ ixT -y r S 5 C jitf C h (C^ 
I., Mt:. EI3 (E) l>Z7r:-tXolZ. Tgs<Tg 

. ffiffl A ffiffl B ^3 it i> ^izmti^—^X L ^ ^ •> 
^i;C^S<50T\ Xx-/7°S 3-C-{±NOi;¥iJ5ESix^>r 

T{i?%^L^V>3ti6 (Tgs=Tgri:^-5:'iJi^{i<J^: 

[0 0 56] XxyrS5Ti±, Mmm%5 17ii. $IJ 
5 1 7(5, ^'^y^S 1 2i:)^0ti^h (Tu + 2 • Tg 

i£is§5 0 9*-^^>^±i:^$^^'g>^aM^ih^^ u 5 i ocofiisr 

Jt«?t. «EfflAtc:i5(t-l.fflM^iiO«:^<iS-1^ai-r«.. -?■ 

LT, ftp^fl^^ttl LfoB#£T-^C lc7)flS:^t «J 5 1 
6(cieiS$it- [ll^t;X7'>>;5'5 1 32ry-fe-/h-r^. 
Mt. ;^^:';5 1 1 S:ffll^-tieHBtCt5{t^ffiK<l<7)fi 
±ffl*eitb L, «;tffi$:1^tii LrzmMX'<r>C 1 ^: u 
5 1 5 l,zm&^-th. C 1 *M T u + 2 ■ T g r ) tc^ 
o7t;«^,c&t';^ t'J515h>><^U516 <rj|£'til^S^Jt 



7 ) 10-308716 

1 2 

S^L-CV>^Tg rlCATcOffiSrSa^t. XT--y7-S2 

[ 0 0 5 7 ] , ^^ilB!l3&«S^ LT YWlSiT 
S r^^Tg s t^L^^^^Thhrn-^iZii. 113 ( D ) 

tc^-r J: 5 ^mAt&mB^zini-hm^mcr)^^)^^)^ 

mL<^j:hcr>X\ Xf--yrS5icibn^TYE S^4a)5E$ 

ix, X7^-yrs6tcjttf::i:i::^.&. 

[0058] Xx-y7'S 6T-{i, $ljfflllSlfS5 1 7<J:, M 
10 5 1 7{i. ^-^yrJ-S 1 3i6-'0*^'b (Tu+ 2 ■ Tg 

r) tx':^'yyh-thmz. ^n-y^^m^izmmLXM 

1 0$rfflv^TiGfflA^c±>{t•l.fflM<acoft::'^^iS^1^^^iL, 
«:;^flt^1^ai L7t:B#.c&X'60C 2Sr^^U516 tcfeiS^ 
-ti-.|). ^LT, C2*MTu + 2 • Tgr) izy^-ofzt^ 
iT\ 5 1 3 tCTg r Sr^oMfflt LTft7v.L 

X. ^:J.±(?)J; d^ilJ-f^Sr^i^^Tl^VUZratcH-^T^O® 
L. «:;«cfiI^1^ttiLfcB#itcio(t^C2c7)^i^fl^3R 
:(r'yy:S'5 1 3<?)?&'^>'hffi*«C:c7)^%«^^L< 
20 ^-5/cB*,.fi;T\ ;i7^>'^5 1 2}3XX/i-y^'f\^mm^''7 
y95 \ S^U-fe y h XT--y7'S7lZff^f-f--l., 

[005 9 ] t,^*, 113 (D) l.z5rrrimX'hht-th 
t . IEHAtci3V^-Cfi:*:<i*^'1^ai$ix^cB$AT'0;<7'> V 
1^.5 1 3CD:^KfyhmC2 CDW-i^Mti^B. -tOl^SBPaltc 
S'^'X^ibhti.. ne:>tLfz^^mt:^ryy^ 5 1 3<30fl 
^—W^Lfz^-^izli. x^'vzrs 7CjttfC: 

[0060] ^.T-vT S 7Tii. $IJPIIIS§5 1 7{i, U 

m^w-At Lxiv.T<7ymi^^m:^-th. ss-h. iyyTnii- 
wm^h-^y^'b 1 sti. (Tu+Tg r ) mmx%m\^ 

30 TtsO, >'V.-K;U^^;&'»^5 1 8CO:;{7'>Vhffi*iO 
i:^'>7^cB#,irT>'y;i^Vl^JaMfl-^5 1 9 2:!i!:b-r^. S 
fz, O F D M<f-^*>x3- H'siigt^Sr 0 -eftlc-^iix-i. 

FOTeTtf #S 5 2 0 *^'$iJfflI|l]S§ 5 1 7 (CA:*? 
^i:, v-v;K;WJlW;<?'>>-^5 1 8{i. A^jSix 

\^x\^hi%^<mi\'p^m mncr)W!pm.) izmi^^ 

ztiz^^^. 

[0061] 5 1 7 im±<^x 5 ^mmzi. 

40 >--i<;UJ^*8 ( T u + T g r ) t (Dimt:^ ^ . IE?i^;?7"' 

[0062] a^commmmi^zxtiii, ^m\mzio\,\ 

0OFDMft-^iOS4fe?r^fV\ — fi. O F D Mff^c?:)!? 
$ tL !> h - O F D Mfi-^tC-^ ^ fLT ^ -I. f> 

izW^^nozbt^'^h. 
50 [0063] 



(8) 
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wmi-mmmL. m^wM^t. mm^tifzmm^m 
n%<Dmw\,^z-M.->xn^ l . »ai $ix/cfflMfii«o«;^ffl 

Yn^-^imth^h i 0^f 4.fL^^.^OF DM 
i: S^O F D M VH-OUi^W i: ^fc ¥"1^ tfv: 

[HI ] ^^miomm<Dmm<r)m^cr)-mim^M-t^y 



10 



1 4 



[114 ] ta!*cOO F D M^ftilMO:K^0iJ$rS^-r7o y 
[1115 ] ta!*tCij(t^ O F DM£^>--i^VH^.tti^S£Otifi!c: 
[EI6 ] O F D MSfift-f-^: WS?)i/>-rf^Vl^B#PBljl®fi-t 

10 6 7-' ^' ( ) . 

0 2 F I FO (Sffi^S) . 5 0 5, 
^Ifejfa^maSS ( »tt!#f5 ) . 5 0 7. 

«»iniss (atu^S) . 509 

S) . 5 10.511 y 



50 1 

5 06 
5 08 

(i^ai¥S) . 5 1 



. 5 

2^ 



2.513 ^'^y^ (n'&^m 



5 17 ^IJWlHl 



[HI 1 
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FIFO 



^5C32 



RFO 
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maxi 



max2 
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